Kinetic characterization of the proteinase binding defect in a reactive site variant of the serpin, antithrombin. Role of the P1' residue in transition-state stabilization of antithrombin-proteinase complex formation.
To elucidate the role of the P1' residue of the serpin, antithrombin (AT), in proteinase inhibition, the source of the functional defect in a natural Ser-394-->Leu variant, AT-Denver, was investigated. AT-Denver inhibited thrombin, Factor IXa, plasmin, and Factor Xa with second order rate constants that were 430-, 120-, 40-, and 7-fold slower, respectively, than those of native AT, consistent with an altered specificity of the variant inhibitor for its target proteinases. AT-Denver inhibited thrombin and Factor Xa with nearly equimolar stoichiometries and formed SDS-stable complexes with these proteinases, indicating that the diminished inhibitor activity was not due to an enhanced turnover of the inhibitor as a substrate. Binding and kinetic studies showed that heparin binding to AT-Denver as well as heparin accelerations of AT-Denver-proteinase reactions were normal, consistent with the P1' mutation not affecting the heparin activation mechanism. Resolution of the two-step reaction of AT-Denver with thrombin revealed that the majority of the defective function was localized in the second reaction step and resulted from a 190-fold decreased rate constant for conversion of a noncovalent proteinase-inhibitor encounter complex to a stable, covalent complex. Little or no effects of the mutation on the binding constant for encounter complex formation or on the rate constant for stable complex dissociation were evident. These results support a role for the P1' residue of antithrombin in transition-state stabilization of a substrate-like attack of the proteinase on the inhibitor-reactive bond following the formation of a proteinase-inhibitor encounter complex but prior to the conformational change leading to the trapping of proteinase in a stable, covalent complex. Such a role indicates that the P1' residue does not contribute to thermodynamic stabilization of AT-proteinase complexes and instead favors a kinetic stabilization of these complexes by a suicide substrate reaction mechanism.